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Context

> Tide gauges and satellite-based altimetry provide evidence that the global
mean sea level (GMSL) has been rising during the last century with an
accelerating rate (Church et al. 2013) :

2.02£0.3 mm/y over 1971-2010 ; 3.2£0.4 mm/y over 1993-2012

= Ocean thermal expansion is one of the main contributors :
40 % over 1971-2010 ; 30 % over 1993-2012

= In the context of global warming, thermal expansion is expected to keep
increasing and to contribute by 30-35 % to the GMSL by 2100
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Scientific questions

> What is the influence of natural, anthropogenic external forcings and
internal variability on the thermosteric sea level changes (part of sea level
related to thermal expansion) ?

= Can we quantify the contribution of each external forcing ?

> Globally ? ... Regionally ?

> Detection and Attribution (D&A) methods, by comparing simulations to
observations, can estimate the contributions from each external forcing
> Ribes et al. (2015) developed a new D&A method that allows to :
— Estimate the contributions from each forcing
— Reduce the uncertainties for each estimated contribution
— Take in additionnal information from the variable of interest over a
different region/period

> We first test this method on the global mean thermosteric sea level
(GMTSL) trends

OSTST | 20-23 October 2015 | Reston, Virginia, USA > 3/15




Method and data




Detection and Attribution method (1/2)

> Ribes et al. (2015) developed a new D&A method :

x * Simulated response
Y* = Z XZ to external forcing i
S v
., o XH IST to ALL forcings
Observations  _ * *
= Xyar + Xant

to NAT and ANT forcings
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i/ :
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Y=Y + € Yo
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Best estimator S XX,
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Detection and Attribution method (2/2)
Y = Xyar + Xanr

Y = TNAT T TANT

> Bivariate case : (y) _ (xNAT) 4 (QjANT)
/ / /
Y TN AT TANT

> Univariate case :

> We apply this method to the global mean 0-700m
thermosteric sea level trends from 1957 to 2005.
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Measurements
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Models and simulations (1/2)

> Simulations are issued from CMIP5 and cover the period 1850-2012 :
> HIST experiments include all external forcings

> NAT experiments include natural forcings only (volcanism, solar input
variations, etc)

> ANT=HIST-NAT include all anthropogenic forcings (greenhouse
gases, anthropogenic aerosols and ozone, etc.)

> PIC experiments are the unforced control runs
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Models and simulations (2/2)

> For each model, at least HIST and PIC experiments are available,
sometimes with several initial conditions for the same forcing (= multiple
realisations)

Number of models and realisations available for each forcing

Experiment # of models # of realisations

HIST 38 123
NAT 17 58
ANT 17 32.6 (equiv #)
PIC 38 943 (# seqgts)
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Results




Univariate case (1/2)
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Univariate case (2/2)
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Bivariate case (1/2)

> Qur variable of interest ;: 1957-2005 Global MTSL trend

= In the bivariate case, we choose a secondary region & period
(e.g. Indian Ocean over 1993-2012)

= We browse different regions/periods, looking for a maximal reduction
of the standard deviation :

B constraints HIST MAT ANT
atlantic/1957-2012 756% | 42% |E87 %
atlantic/1971-2012 754% | 35% |E88 %
HIST | NAT | ANT atlantic/1993-2012 754% | 63% |B99 %
|Univariate — global2/1957-2005 EE % 7 % EE % stlantic/1957-2005 756% | B1% |584%
atlantic/1971-2005 755% | 78% | 582 %
B constraints HIST | NAT | ANT atlantic/1993-2005 75,8 % LlEdeialGl da
global2/1957-2012 T58% | 60 % pacific/1957-2012 75,4 %
global2/1971-2012 754 % | 45% pacific/1971-2012 75,3 % 110% % 7705 %"
global2/1933-2012 5.3 %0 7.1 % pacific/1993-2012 49% |B94 %
global2/1957-2005 NA NA NA pacific/1957-2005 755% | 93% [587 %
global2/1371-2005 755 % | B85 % | 583 % pacific/1971-2005 756% | B1% [583%
global2/1993-2005 IEIOEENSEEN) 625 % | |pacific/1993-2005 758 % | 12,0 % | 60,1 %
northernhemisphere/1957-2012 756 % | 40 % |B9.3 % indianf1957-2012 753% | 40% [689 %
northernhemisphere/1971-2012 |75 3% | 35 % |6B89 % indianf1971-2012 753% | 38% |688 %
narthernhemisphere/1993-2012 | 755 % | 46 % |BIE % indian/1993-2012 756% | 55% |694 %
narthernhemisphere/1957-2005 | 756 % | B4 % | 582 % indian/1957-2005 757% | 95% |585%
narthernhemisphere/1971-2005 | 755 % | V8% |57 9 % indianf197 1-2005 756% [103% | 588 %
northemhemisphere/1993-2005 | 75,7 % |[SIEHEIGGN 2.1 % | |indian/1993-2005 758 % | 106 % | 59.4 %
southernhemisphere/1957-2012 | 753 % | 38 % |BB8 % southernocean/1957-2012 [757 % | 35% [689 %
southernhemisphere/1971-2012 | 754 % | 46 % |B92 % southernocean/1971-2012 (753 % | 41 % |688 %
southernhemisphere/1993-2012 (EI0NEEN 50 % [N  |southermocean/1993-2012 [755% | 89 % |702 %
southernhemisphere/1957-2005 (756 % | BE % [583 % southernocean/1957-2005 |[FENDNEEN 79 % | 587 %
southernhemisphere/1971-2005 | 755 % | B3 % | 583 9% southernocean/1971-2005 (756 % | 8.4 % | 58,1 %
southernhemisphere/1993-2005 FISHONGRN| 87 % [ 588 % southernocean/1993-2005 | 75,7 % | 96 % | 589 %
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Bivariate case (2/2)
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Conclusion

V

Results on GMTSL trends are consistent with previous studies

V

The bivariate case gives promising results for regional analyses

This new D&A method accounts for a climate modelling uncertainty and
allows computing a reduction of the uncertainties of each contribution

V

> First time that this type of enhanced method is applied to oceanic
variables : the long-term memory of those variables can bring interesting
constraints when assessing the contribution from each forcing

Next steps

V

Further investigation of this method potential for regional analyses

V

Assessment of the contribution of greenhouse gases, aerosols, ozone
forcings separately

> Application of this method to the full sea level variations, using satellite
altimetry and tide-gauge measurements
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Detection and Attribution method
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Calculation of the global mean thermosteric sea level trerld
X ) [ Y ]
Multi-model mean [~ 5 ) Observed value
for each forcing .o 2y-2,
V| Variance-covar. : .
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Internal variability
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. Sy
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Xy + Xx
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